Freshwater Lake Ulubat (c. 1.5 
Introduction
The basic constituents of landforms are slopes and valleys, particularly in mountainous regions. Their formations are controlled by various and commonly immeasurable factors such as climate, tectonism, rock type, altitude and slope stability (Chorley et al., 1984; Leopold et al., 1995) . The concept of erosion-sedimentation balance and denudation rate are key instruments to describe the geological-geomorphological development of a region (Einsele, 1992; Einsele and Hinderer, 1998) . Obtaining an age on the formation of a landform is an aim rarely achieved. Trace elements may become keys to link parent rocks and sediments derived from them (Engstrom and Wright, 1984; Bilali et al., 2002) . In the Susurluk drainage basin (SDB) of NW Anatolia in Turkey, B-bearing sequences of Neogene age have been trenched naturally and have produced Brich sediment downstream in lacustrine basins and in the Sea of Marmara (EIE, 1996) (Fig. 1) . The detection and the dating of B and other elements within the lake sediment are suggested as good tools for the explanation of some Holocene geological events including erosion rate, tectonism and modern drainage. Already, the Late Holocene erosion of this region has been interpreted based on sedimentation rates and modern sediment loads into lakes Manyas and Ulubat and into the shelf of the Marmara Sea . Moreover, pollen assemblages within the sediment sequences of the same lakes have reconstructed the palaeo-botany and climatology of the area (Bottema et al., 2001; Leroy et al., 2002) . In this study, the B and some of the trace element contents of sediment of Lake Ulubat that receives water and sediment from a B-rich drainage basin is investigated to find a possible relationship between the lacustrine sedimentation and the presentday landscape morphology in N-W Anatolia (Figs 1, 2).
Boron is a trace element being found at a concentration 10 ppm in the crust, with average concentrations of 100 ppm in shale, 15 ppm in granite and 5 ppm in basalt respectively. Its concentarions in sea water is 4.4 mg/l. Boron is a useful element for provenance studies as it reflects B-bearing parent rocks. In the study area (i.e. SDB), these parent rocks form lithostratigraphic units containing a layer of B ore-deposits with high economic value. Presently, B ore and/or borate deposits are being eroded since deep alluvial trenches / valleys cut these layers.
Consequently, it is expected that the B concentration of the lacustrine sediment derived mostly from the same area would change through time. The hypothesis is that a possible dating of the changes in B-content through the lacustrine sediment sequence provides the timing of fluvial trenching in the drainage basin. It is for this purpose that the B content of the sediment of Lake Ulubat has been studied.
Figure 1
2. Background
Geological setting
The southern Marmara region mostly comprised of the Susurluk Drainage Basin (SDB) has had a complex geological evolution since Early Palaeozoic times. Some of the oldest tectonic units of Turkey e.g. the Uludağ massif (in the east), the Menderes massif (in the south of SDB) and also old crystalline rocks are found in this region. They have formed high topographies due to the effect of neotectonism since the Neogene (Emre et al., 1998) . However, in the same time period, many continental, mostly lacustrine, basins were formed and their infill is now being subjected to erosion. Lake Ulubat, a crucial part of the study area, is located on the eastern side of a large W-E tectonic depression formed at the transition of the transform North Anatolian Fault (NAF) zone and the extensional tectonic regime of western Anatolia (Emre et al., 1997a) (Fig. 1 ). This depression, called the Manyas-Karacabey depression, is tilted towards the east where Lake Ulubat (2 m asl and a surface area of 138 km 2 ) is located. Lake Ulubat controls the drainage of an important part of the SDB (Fig. 1) . The origin of the modern lakes, including Lake Ulubat, is still relatively uncertain, but it is thought that they began through channel damming of a meandering stream system, possibly during a period of mid Holocene sea level increase (Emre et al., 1997b; Leroy et al., 2002) . Some abrupt changes of sedimentary features within the infill of Lake Manyas might be related to regional seismicity and even tsunamis from the Marmara Sea (Leroy et al., 2002) .
Figure 2
The stratigraphy of the Susurluk drainage basin is fairly complex and various rocks are exposed (Yilmaz et al., 1990; Okay et al., 1991) . Volcanics, clastic sedimentary rocks, clayey limestones and evaporites of Late Tertiary age and, to a lesser extent, older metamorphic rocks outcrop in the higher parts of this basin (Yalçınkaya and Avşar, 1980) . However, collated borehole data have established that the lakes are surrounded by large areas of Holocene alluvial deposits and also by some Pleistocene fluviatiles in the lower parts of the drainage basin (Kazancı et al., 1997; 1998) .
Lake Ulubat, however, is closely surrounded by karstified limestones of Mesozoic age in the east.
Sedimentary and volcano-sedimentary rocks of Neogene, mostly Miocene, age form extensive units in the drainage area. These rocks provide a relatively low topography that has been incised by many medium-deep valleys. The highly elevated parts and the far southern part of the drainage basin consist of very compacted pre-Neogene rocks where river courses form a nearly rectangular drainage pattern as they generally follow fault lines (Fig. 1 ). Loose and sand-dominated alluvial deposits of Late Pleistocene-Holocene age were formed in the western side of Lake Ulubat with thicknesses up to 40 m, just south of Mustafakemalpaşa town (Emre et al., 1997b) . Most of the Neogene rocks in the south are composed of volcaniclastics, lacustrine limestones and intercalations of tuffs, lava flows and marl layers. These units include zones enriched of B and As apart from some pure borate beds hosted in a lacustrine succession with volcanic intercalations (Helvacı and Firman, 1977; Yalçınkaya and Avşar, 1980) . In addition, the southern Marmara region contains the largest borate reserve of the world (Polat, 1976) . According to the information available, c. 54 % of the world borate reserve is in Turkey and of that, 80 % is found in the SDB (Helvacı, 1984) . More details about the B-bearing rocks are given in section 4.1.
Figure 3

The basic morphology of the Susurluk drainage basin
The main morphological element of the SDB and, indeed, of the whole of NW Anatolia, is one of deep fluvial valleys (Figs 1, (3) (4) . Some of these valleys have been initiated by active faults (Şaroğlu et al., 1992) . Lake Manyas (150 km 2 ) and Lake Ulubat (138 km 2 ) are not only the source of fresh water for the region but also act as secondary base levels for local streams (Fig. 1) . The main rivers are the Kocaçay River (162 km), the Simav/Susurluk River (321 km), the Emet River (278 km), the Orhaneli River (276 km) and the Nilüfer River (172 km) as well as their tributaries.
The rivers Emet and Orhaneli form the River Mustafakemalpaşa by joining each other 45 km south of Lake Ulubat (Fig. 1 ). All the rivers join near the town of Karacabey and form the River Kocasu just before discharging into the sea (Fig. 1) . Table 1 shows the general morphological characteristics of the main SDB Rivers. In general, lowland areas with altitudes of 350-600 m are predominant in the SDB. In other words, the SDB consists of extensive (2/3) lowland areas and to a lesser extent (1/3) hilly, upland areas (Fig. 1) .
The prominent mountains of the southern Marmara region are Uludağ (2543 m) to the north, Akdağ (2089 m) to central south and Şaphanedağ (2120 m) to the S-SE (Fig. 1) . The longitudinal profile of the river Emet and the dips of rivers display both the general features of valleys and the erosion potential of the region (Fig. 3 , Table 1 ).
Table 1
An intense drainage network is developed in the upper part of the SDB (Fig. 4) . In addition, In the SDB modern agriculture is fairly effective and so an extensive sylviculture combined with a natural plant cover has developed. A relatively humid climate gives rise to both the persistence of this vegetation and to fluvial winter erosion. At present, the region is very open and intensively farmed. However, some forested areas form patches on hills above an altitude of 500 m combined with cultivated plants with beech and fir on the mountain tops (Quézel and Barbéro, 1985) . Akdağ (2089 m) to the west of the town of Emet, Şaphanedağ (2120 m) just on the hydrologic boundary of the SDB and Uludag (2543 m), south of the city of Bursa are typical forested, fir and pine-dominated, mountains with barren tops in the region (Fig. 3) . The latter, Uludağ, is the highest summit of NW Anatolia and it receives snow in early autumn. 
The MKP River
The MKP River is the largest stream that discharges into Lake Ulubat. It is formed by two main branches, the Emet Stream and the Orhaneli Stream (Fig. 1) . Sometimes, not in this study, the name of the MKP River is applied to the Emet Stream. Its main and longest branch, the Emet Stream (278 km), starts from the limit of the drainage basin, at an altitude of c. 1250 m. The surface dip of its longitudinal profile is maximal within the first 30 km and its mean dip 1.1 % (Table 1) (Fig. 3) . The river valley is generally steep-sided (Figs 3, 4) . It carries 126 x 10 6 tons of sediment load annualy reflecting high rates of denudation 2). Other islands consist of sediment deposited after the formation of the lake. The main water and sediment sources of Lake Ulubat are the Mustafakemalpaşa River (MKP) that has an overall drainage area of c. 10,414 km 2 . The delta of this river rapidly progrades into the lake from the S-W to the S-E and it has shifted towards the SE probably under tectonic control (Fig. 2) . The suspended sediment load of the MKP River has been about 1.3 x 10 6 ton.a -1 in the last 30 a therefore providing a sedimentation rate of 1.6 cm.a -1 .
Data acquisition and analytical methods
Since the methods of study have been given previously in detail (Leroy et al., 2002; , only a short summary is given here.
Some of the limnological characteristics of Lake Ulubat were surveyed in 1997 and in 2002.
Modern sediment samples taken by an Eckman grab from 36 localities of the lake bottom were examined by routine sedimentological methods. During the survey in 2002 the water of the lake and its surrounding were sampled. A coring campaign, using PVC 63 mm diameter pipes and also a hand-pushed Livingstone piston corer operated from a raft, retrieved a series of 5 cm-diameter sediment cores, in 1 m sections with core labels AK02 at 11 sites and the longest core, which reached 7.8 m depth, is at the centre of the eastern basin of the lake. Sampling at stations 1 to 5 ( Fig. 2 ) was done by 2 m long PVC pipes (AK02PVC 1-5), at the others (AK02LV 6-11) by the Livingstone-corer. The results to be presented in this study are from detailed analyses of core AK02PVC-4 (length; 190 cm) in station 2 and core AK02LV-10 (length: 7.8 m) in station 11 ( Fig.   2 ). In 2004, a second coring campaign concentrated on the centre of the eastern basin and collected core from 6 to 9.7 m depth (core labels AK04).
Sediment concentrations in 137 Cs, 210 Pb, 214 Pb and 214 Bi to be used for the age interpretation were determined in homogenised sub-samples using high-resolution gamma spectrometry employing a Ge well-type detector (see Leroy et al., 2002 for detail) . Two levels were dated by the on 75 -125 ml sediment samples was achieved through 500, 125 and 63 µm mesh sieves after soaking in sodium pyrophosphate. The density, plasticity and porosity of bulk sediments were found by routine methods (Bowles, 1992) . B and some other trace element contents of the lacustrine sediments were determined by the method of AAS with a graphite furnace using a Perkin Elmer Simaa 6000. For these analyses, samples were first dried and ground and then treated with a series of acids: 2 ml H 2 SO 4 + 2 ml HNO 3 + 0.5 ml HF + 1 ml HCl. Later on, they
were dissolved with the help of an ETHOS 1600 microwave. Some critical results e.g. sharp increase and/or decrease of the B content in the cores were checked at least 3 times and their average was accepted. 
Results
Fluvial valleys and the borate-bearing Neogene sedimentary succession of the Susurluk drainage basin
In the study area, fresh and/or young valleys are the main component of the morphology in the upper part of drainage basin (Fig. 4) . The most southern part of it, south of the line Kütahya-Balıkesir where the streams rise, is the main erosive area ( (Howard, 1967; Chorley et al., 1984; Leopold et al., 1995) .
The most common lithology of the SDB is the borate-bearing Neogene succession. It is intercalated with volcanic and volcaniclastic rocks, overlying Palaeozoic metamorphic rocks. The succession consists of different lithologies (subunits) with different colours. They are as follows in ascending order (Helvacı and Firman, 1977) ; a) conglomerate and sandstone, b) marl and limestone with a tuff layer (lower limestone), c) volcanites, tuff and agglomerate, d) red unit formed by intercalations of coal, gypsum, conglomerate, sandstone, clay, marl and limestone, e) the borate zone with claystone, tuff-tuffite and marl, f) limestone with marl and chert bands (upper limestone), g) basalt (Fig. 5) . The lower and upper limestones are relatively resistant to erosion and probably their presence has affected the initiation of the landform development. In contrast, borates can be dissolved easily by fresh water (Çolak et al., 2000) . It is interesting that the upper 12-15 m of the borate zone has been eroded despite its section form, sometimes deep valleys down to 200 m, and sometimes shallow ones down to 50 m (Fig. 4) . However a good deal of the borate deposits in the region are exposed, some extra-high quality beds up to 100 m thick have been mined as open mines e.g beds of Bigadiç (I), Emet (II), Kestelek (III), Sultançayırı (IV) (Fig. 1B) .
The beds I and IV are in the drainage area of the Simav River of the SDB, however the Emet bed (II) and Kestelek bed (III) have been drained by the Emet and Orhaneli streams respectively. The
Kestelek bed (III) is a relatively small bed mining as "an underground mine" and also it has a waste reservoir; hence there is hardly any discharge into the Orhaneli Stream. Other minerals include meyerhofferite, ulexite, veatchite, tunelite, terugite, kahnite, gypsum, celestite and calcite which are abundantly found, but they are secondary minerals. The last 3 of them are not borate minerals, but they can be observed both in the same beds as crystals and as separate layers in the borate zone (Helvacı and Firman, 1977) . In addition, elemental B, B minerals and some associated minerals (natural sulphur, realgar -AsS-, orpiment (As 2 S 3 ) are also detected within each of the rocks of the succession (Table 2 ) (Helvacı, 1984; Helvacı and Alonso, 2000) .
Table 2
The lithological pattern and/or the concentration of the B minerals in the borate zone are locally diverse. This means the thickness of the ore zone and the purity of the ore change in different mining sites along the Emet valley. Colemanite is found there as nodule(s), layer(s) of large crystal, or in dissemination. Table 3 shows the general case in the Hisarcık site. From here, also taking the general stratigraphy (Fig. 5) into consideration, one can conclude that the derivation of the B from the SDB was continuous, but it became concentrated when the borate zone began to erode.
Table 3
Illite and montmorillonite are common rock-forming clay minerals of the sedimentary succession in the SDB (Ataman and Baysal, 1978) . However the secondary minerals are usually an assemblage of smectite, chlorite, kaolinite and saponite in clays of the borate zone (Çolak et al., 2000) . It is worth noting that all borate minerals have a wide elemental composition. In addition,
Anatolian borates contain oxides and some trace elements (Table 3 ) (Helvacı, 1986) . Previous studies suggest that the Anatolian borates have been deposited in lacustrine environments owing to evaporation during the early Neogene (c.f. Helvacı and Firman, 1977; Ataman and Baysal, 1978; Helvacı and Orti, 1998; Helvacı and Alonso, 2000) . However Table 2 show clearly that the Neogene rock succession, particularly volcanics and volcanites, include B associated with Sr, Li,
As. Based on B and trace element enrichment within the volcanic rocks, the origin of the borate minerals could therefore be hydrothermal instead of by evaporation, but this debate is beyond the scope of this study.
Present sediment and boron discharges into Lake Ulubat
Presently, the lake is surrounded by moderate to high hills of Mesozoic limestone in the north, the east and the south. In addition the active Ulubat fault provides a steep southeastern coast (Fig.   2 ). Because of this morphology, Lake Ulubat receives carbonate-rich groundwater and water from springs (EIE, 1996) . The MKP River is the main sediment load and water path for Lake Ulubat; it has formed a relatively large delta on the SW coast of the lake (Figs 1, 2) . The sediment load of the rivers and water chemistry of the rivers and lakes in the SDB have been recorded since 1935 by a state institute, the EIEI. According to the present data, the MKP River (Emet and Orhaneli streams) has a net drainage area of c. 8480 km 2 and its average sediment load is almost 1.26 x 10 6 ton.a -1 (EIE, 1993; . This means that each km 2 of the drainage area of the MKP River produces 148 tons of sediment and 167 m 3 of water annually. This is a relatively high rate of denudation . From station 331on the Orhaneli Stream in addition to station 302 on the MKP River (Fig. 1) , calculations of the total, monthly and annual quantities of B discharged into lake Ulubat are possible individually for each stream (Tables 4 and 5 intense. This is usually due not to only mine waste and wastewater, but also to dewatering of the groundwater in the mining sites, despite the presence of some water purification system around the mines. The long-term B values of the Kocasu River from station 317 are lower than those of stations 302 and 316, although station 317 is the last one, or a collector, based on its position (Table 5 , Fig. 1 ). From here it can be concluded that a good deal of elemental B is caught in the lake water and lake sediments. Table 4  Table 5  Table 6   Table 6 shows the B content in the lake water. Boron is high everywhere, particularly close to the active delta (Fig. 2 , Table 6 ). It is also worth noting that the drinking water of the Gölyazı village (NE of the lake) obtained from ground water (sample 23) and a thermal water (sample 20;
on the Ulubat Fault and out of Figure 2 ) include a relatively high content of B (Table 6 ), proving that not only the surface water and the sediment but also the subsurface water has been polluted.
Results from a sample from the outlet (sample 26) show relatively very high B content (Table 6 ). It displays also that outflow from the lake reduces the accumulation of this pollutant.
Lacustrine pre-modern sediments
Thickness
In Lake Ulubat, the 2002 and 2004 coring campaigns concentrated on the eastern sub-basin of the lake (Fig. 2) . A series of 13 short cores (1 to 1.9 m) was taken in a transect from the north to the south. A series of 12 longer cores (5-7.8 m) was obtained along the SE shores of the lake ( the Ulubat lacustrine infill could be around 10 m (Emre et al., 1997 a, b; Kazancı et al., 1997; 1998) .
Sedimentation rate and age-depth model
The present results in this study which were obtained by two different methods of radiometric dating using the cores of campaign 2002 have shown larger sedimentation rates than those of previous studies (i.e. Bottema et al., 2001) . They are as follows (Figs 2, 6 ): 1) Radionucleides: They have been studied on two cores: AK02 PVC4 (near the village of Apolyontköy = Village Gölyazı) and AK02LV12 (south of the larger island in the southern basin) (Fig. 2) . The latter core is in the same station, Station 11, as LV10 and LV 11 where most of the analyses have been made.
For AK02 PVC4, the 210 Pb indicates a sedimentation rate of 1.6 cm.a -1 , whereas that of the 137 Cs is 1.48 cm.a -1 (Fig. 6 A,B (Fig. 6 A, B) ). The small rate difference between the two cores seems to be reasonable as the site of AK02LV12 is much closer to the river mouth than the other one (Fig. 2) . As a result, it is possible to assume that the mean sedimentation rate in the eastern basin of Lake Ulubat is approximately 1.6 cm a -1 .
2) 14 C dating: Sieving of the sediment of the whole length of core AK02LV11 provided only two horizons with terrestrial material suitable for 14 C dating. The results of AMS radiocarbon dating are as follows (Fig. 2 In conclusion, these results suggest that the sedimentation rate has recently dramatically increased (> 4 times) in Lake Ulubat, as the sedimentation rates obtained by both methods are different. The ages of the 50 and the 400 cm changes in the B curve respectively are AD 1970 and AD 932.
Figure 6
Sedimentary characteristics
The lithology of the pre-modern lacustrine sequence in all stations is typically a silty, plastic mud with a grey colour. The water content is about 37-67 %. Grain size analysis indicates dominance in the range of 10-35 µm. The volumetric ratios of sand, silt and clay along the cores are 1-5 %, 45-80 % and 25-45 %, respectively (Fig. 7) .
The mineralogy of the sediment is relatively similar to that of the modern lake bottom mud.
Loss-on-Ignition analyses on 10 cm-interval samples of core AK02LV 10 indicate a fluctuating record with 4-17 % total organic matter and 5-14 % carbonates (Fig. 7) . Organic matter increases at depths of 6-5.5 m, 3-2.25 m and 1-0.25 m; however, the reasons for these increases remain unclear. In contrast, the carbonate content increases when organic matter decreases and both are independent from grain size (Fig. 7) . The sediment lithology at the bottom of core 2002 is similar to most of the overlying sequence; however the mean grain size is larger in the few tens of cm above the sharp change of organic content (Fig. 7) . In parallel, the results of chemical analyses together with heavy metal composition of the lacustrine mud show a heterogeneous distribution (Toprak, 2004) . By visual inspection, core AK02PVC4 appears to be finer grained than that of AK02LV-10 for the same depths, but the vertical carbonate distribution is similar. In general, the carbonate content of Lake Ulubat is relatively high. It may come from the erosion of the Mesozoic limestones in the drainage area and karstic springs originating from the limestone. However, a sudden increase at 4 m depth together with B could be related to climatic and other changes in NW Anatolia.
Figure 7
Boron content of the lacustrine sediment
Boron analyses on 10 cm-interval sediments in cores AK02LV10 and PVC4 have been carried out (Fig. 8) . From the base to the top a sharp increase or change is detected exactly at the 400 cm layer, with a doubling of the B content in core LV 10. Also an obvious change is seen in core AK02PVC4 at the 60-45 cm layer in spite of a slight increase at 95 cm (Fig. 8) . The average of B concentration is 1.205 g.kg -1 and 0.206 g.kg -1 within sediments of LV 10 and PVC4
respectively. These values are obviously above the limit tolerated for natural environments (EPA, 1973) , which is of 0.2 g/m 3 . It is most probable that the clear difference between PVC 4 and LV10 is due to the greater distance to the delta and/or to the mouth of the MKP River which discharges B-bearing sediments and water into the lake.
Figure 8
The method used to describe the B content in the lake sediment does not permit to make clear whether it comes from particles or from ions directly. However, the ionic radius of B is small (0.23 Aº); consequently it has a strong affinity for O 2 . It is also found within sediments as oxides dependent on concentration, pH, salinity, temperature and mineral types in the environment. Most of the clay minerals, particularly high magnesian clay minerals, absorb much B; so deltaic and lacustrine environments are usually rich in B. The leaching of B from soil or sediment is fairly difficult, so it accumulates there; and over time it forms compounds with some trace and heavy metal elements i.e. Li, Cu, Co, Fe, Mg, Ag, Sn, (Barnes and Barnes, 1978; Arçak et al., 2000; Toprak, 2004) . Overall, apart from a suitable environment, a B-rich drainage area provides a high volume of B in Lake Ulubat. The dramatic increase at 400 cm interval must depend on a sudden change in the drainage basin as other circumstances seemed to have remained the same (Fig.8) .
Discussion
As mentioned above the main objective of this study is to find a link between erosion and lacustrine deposition, more specifically between B deposition and the development of the present landscape in the SDB. The approach adopted is the extrapolation of the B content of the sediment in Lake Ulubat to valley formation; because B is transported easily to new environments by flowing waters, particularly by perennial streams (i.e. Langmuir, 1997) . Two items of data, the thickness of B-rich lacustrine sediment (= 4 m) and the trenched part of the borate zone in the Emet valley (= 15 m deep) are the basis for the following interpretations.
The B content of the Emet River is relatively high in the summer months from June to September; however the discharge of the river is small, due to high levels of mining activities in summer (the role of temperature on the B content in the stream is not known). In parallel, the B content of the water of Lake Ulubat increases in summer (Table 6 ). Therefore, it is suggested that the B content of lake and river waters in the SDB is completely dependent on the B available from its drainage area. This is also the case for the B within the sediment of Lake Ulubat.
Possible age of deep valleys
According to radionucleides and to radiocarbon dates, the ages of the 0. Considering the sensitivity of the lacustrine sedimentation to B, the sharp increase at 4 m reflects the very beginning of the incision in the borate zone and/or the start of the erosion of the borate deposit. And, during this time span, borate-bearing valleys in the SDB were trenched to a maximum of 15 m expressing an erosion rate of 1.4 cm.a -1 . This rate is very high in comparison to long-term erosion but it is very close or similar to short-term ones in different climatic regions (Clayton, 1998; Hinderer, 1999; Wilson et al., 2003) . 
Possible role of tectonism on erosion
NW Anatolia, including the Susurluk drainage basin, is still seismically active and, what is more, many valleys correspond to active fault lines (e.g. Şaroğlu et al., 1992; Emre et al., 1998) .
This may imply a link between erosion, lacustrine sedimentation and active tectonism. The area, particularly the southern Marmara region, has been continuously subjected to earthquakes in historical times (e.g. AD 460 at Erdek -Cyzicus-, AD 368 at Mustafakemal Paşa -Germe-, AD 447
at Marmara, AD 365 at Iznik; Ambraseys and Finkel, 1991) and the term Early Byzantine Tectonic Paroxysm (EBTP) was proposed to describe a cluster of devastating earthquakes in the period of AD 400 to 600 in the Mediterranean region (Stiros, 2001) . It is also believed that the collapse of a long-lasting arboriculture civilisation in the Middle East, the Beyşehir Occupation Phase (BOP), had been related directly or indirectly with hazards of the EBTP based on the background of climatic aridification (Heim et al, 1997; Leroy et al, 2002; 2004 Soysal et al., 1981; Altınok et al., 2001) . In brief, the region has always been affected by tectonism, with, however, an intensity that varied over time. Meanwhile the erosion was considerable in the same region . Because of the high rate of Late Holocene erosion on the upland area, the coastal morphology of the Marmara Sea changed significantly. A large tectonic depression (the Manyas-Karacabey graben) was filled resulting in the formation of lakes Ulubat and Manyas and the Kocasu delta (Fig. 1) . Additionally, the modern lacustrine deltas in lakes Ulubat and Manyas have been prograding rapidly (Emre et al., 1997a, b; Kazancı et al., 1997; Leroy et al, 2002) . The subaerial morphology of NW Anatolia presently is very irregular due to fresh gullies, steep-slope valleys, and pointed hills combined with tectonic depressions forcing a tectonic interpretation for the high rates of erosion. The result pointing to this interpretation is the slope instability; the 1970 earthquake at Gediz/Emet and later on many non-devastating events showed that seismic shocks have widely caused failures of slopes and then erosion has increased significantly as recorded in different observatories (Table 5 ) (EIE, 2000) . (Fig. 9) . It is also known that the climate was arid during the last glacial maximum and most of the late glacial and therefore the denudation and sedimentation rates were highly different in Anatolia (Landmann et al., 1996; Eastwood et al., 1999; Fontugne et al., 1999) .
It should be remembered that the present Sea of Marmara was a relatively small but deep lake (Smith et al., 1995; Aksu et al., 1999; Çağatay et al., 2000) during the last glaciation (= latest Pleistocene), consequently the base level of the Susurluk Drainage Basin was lower. Combined with active tectonism, the elevational difference between the basin and the upland of SDB (c. 2500-3000 m) could have played a major role in the rapid formation of the present morphology;
however, this needs further data to be proven.
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